Introduction
Research on meta I containing polymer precursors and polymers has developed into a flourishing field of coordination chemistry because the materials created are highly interesting due to their optical, electronic or magnetic properties.
, ,2 Among all the compounds developed so far, organometallic macromolecules are receiving increasing attention since the first high molecular weight poly(ferrocenylenes) I ( ls Our group is particularly interested in boron-bridged oligo-(ferrocenylenes) for which the ROP synthesis approach proved to be far less efficient than for the analogous silicon-or germaniumbridged derivatives 1. 6 ,1 In an alternative strategy, the facile formation ofboron-nitrogen adduct bonds was exploited for the generation of polymers [-(Me2BCsH,)Fe(CsH,BMe2)-pyrazine-]" and [-(Me2BCsH,)Fe(CsH,BMe2)-4,4·-bipyridyl-]"."-lo A detailed investigation of these and related materials provided strong evidence for charge transfer between the ferrocene donors and the electron-poor organic bridges. S , 1I The polymers are insoluble in all common solvents; their structure in the solid state was determined by X-ray diffraction. In order to increase the number ofiron atoms within the polymer backbone, we then attempted to replace the aromatic amine donors with 3,3',4,4' -tetramethyl-l, I' -diphosphaferrocene. However, no polymeric material was formed upon treatment of this difunctional Lewis base with l,l'-bis(dimethylboryl)ferrocene or 1, 1'-bis(dibromoboryl)ferrocene. While the methyl derivative did not form P-B adducts at all, the bromo derivative just gave an open-chain dinuclear complex featuring only one P-B bond." We therefore came to the conclusion that more strongly Lewis basic ferrocene derivatives were required. One obvious candidate was I,I'-dilithioferrocene, which is not only easy to prepare but also able to form strong boron-<:arbon er bonds. Initial efforts to prepare macromolecules (Li In)), (Fig. I ) from I, 1'-bis(dimethylboryl)ferrocene and I, I '-dilithioferrocene resulted in a mixture of oligomeric products containing substantial amounts of the cyclic dimer Li,llII) (Fig. I) , which was isolated by crystallization and turned out to be a highly efficient lithium scavenger. 13 Work is currently in progress to separate the different linear oligomers and to determine their molecular weight by GPC techniques. During these workup and purification steps, it turned out that the compounds (Liln)), are highly sensitive to air. This is in accordance with exploratory electrochemical investigations on our product mixtures which revealed a sizable cathodic shift of the Fe(II)/Fe(lII) redox transitions in these materials compared to parent ferrocene.
Since an investigation ofwell-defined short-chain oligomers is, by itself, already helpful for an understanding ofthe properties of BMe2-bridged poly(ferrocenylenes), we synthesized the anionic di-and triferrocene complexes Li (2) and Li,(3) (Scheme I) in order to study their electrochemical behaviour and to determine their molecular structure in the solid state. For comparison, we also prepared the mono-and dinuclear compounds 6 a nd 10 (Scheme 2) featuring four-coordinate yet uncharged boron substituents, as weil as complexes Ill)pF 6 and (14)(PF.), (Scheme 3) in which two and three ferrocene moieties are Iinked via four-coordinate cationic boron bridges. 
Results and discussion
Synthcsis and spcetroseoJlY
The di-and trinuclear ferrocene complexes Li (2) and Li, (3) were synthesized in THF via the reaction of FcBMe2, 1, with FcLi (I equiv.) and I, 1'-fc(Li·TMEDA), (0.5 equiv.), respectively [Scheme I; Fc = (CsHs)Fe(CsH, ), fc = (CsI-I' )2Fe). X-Ray quality crystals formed from CH 2 CI 2 (LiI2)) and THF/diethyl ether (Li,13)) after addition of 12-crown-4. Both compounds are highly sensitive to air and moisture. Treatment of the sodium salt 4, prepared from 5-fluoro-2-(2'-pyridyl)indole and NaH in THF, with FcB(Me)Br, 5, in toluene gave the monoferrocene derivative 6 in moderate yield (Scheme 2). In order to get access to the analogous diferrocenyl complex 10 (Scheme 2), we first reacted the dinuclear compound 9 featuring a three-coordinate boron bridge. Subsequent addition of 4 led to the formation of 10. Crystals of 6 and 10 suitable for X-ray crystal structurc detcrminations were obtained from CDCI} and toluene, rcspectively. In the latter case, the erude material was contaminated with a small amount of ferrocene which could neithcr be fully removed by column chromatography (dichloromethane/ethyl acetate 10: I) nor by sublimation. Only a few single crystals of 10 were obtained and thes~ contained 0.25 equiv. of ferrocene. Apparently, the ferro ce ne is necessary to stabilize the crystal packing of compound 10 since numerous attempts to grow single crystals from the ferrocene depleted mother liquor failed . The monocationic diferrocenyl complex IlllPF 6 is readily available from 9 and 2,2'-bipyridyl (Scheme 3) . Using NH, PF 6 in water, the bromide salt of[II)+ was quantitatively transformed into the corresponding hexafluorophosphate salt wh ich is more suitable for cyclic voltammetric measurements. Similar to the synthesis of 9, the triferrocene species 13 was prepared from two equivs. of FcSnMe}, 8, and one equiv. of 1,1 '-fc(BBr2)2' 12, in toluene. Subsequent addition of2,2'-bipyridyl followed by salt metathesis gave the target molecule (14)(PF 6 ), in excellent overall yield (Scheme 3). The 11 B NMR spectra of the compounds under investigation here display characteristic high-field resonances at -21.2 ppm (Li)2)), -19.2 ppm (Li, 13)), 4.5 ppm (6), 4.1 ppm (10), 7.3 ppm ([11)PF 6 ), and 7.2 ppm (114)(PF 6 ),) testifying to the presence of four-coordinate boron nuclei."·15 It follows from a comparison of these values that the electron density is indeed highest at the boron atoms of the negatively charged species Li(2) and Li, (3) . Removal of the excess electron and replacement of electron releasing methyl groups by electronegative Sp2 hybridized nitrogen donors leads to a substantial charge depletion at boron as evidenced by a downfield shift of ~(o("B» = 25.3upon going from Li (2) Li,(3)). In contrast to Li(2), which exhibits only two 1 Hand two 13C NMR resonances for the substituted cyclopentadienyl rings, four C,H 4 (each inlegrating I H) a nd four C, H 4 signals are fo und in the case of 6 (C;"w is broadened beyo nd detection du e to quadrupo lar relaxati on 14 ) . This observation agrees weil with the molecular struclure suggested for this compound (Scheme 2) since coordinati on of the unsymmetric 5-fluoro-2-(2'-pyridyl)indolylligand makes the boron atom a chira l centre and renders all C, H, atoms magnetically inequivalent (simi lar features are observed in the 'H and 1JC NMR speclrum of 10). Consislent with this view, both a a nd both ß protons of . a given C, H 4 ring in the 2,2'-bipyridyl derivatives [ll)pF 6 and (14)(PF 6 ) , possess the same chemical shifts. As has a lready been discussed in a previous paper on related ferrocene-based 2,2'-(bipyridyl)boronium salts like [IV]+ 16 ( Fig. 2) , boron chelation causes characteristic changes in the 1 Hand 13C NMR spectra of the 2,2'-bipyridylligand . The resulting shift values exhibited by (11) 
Crystal structurc dcterminations
Selected crystallographic data of Li(2)(l 2-crown-4)" Li,(3)(l2-crown-4)4,6, 10, and [1l)PF 6 are summarized in Table I .
In the lithium diferrocenyldimethylborate complex Li(2)(12-crown-4), (monoclinic, C2/ c), which crystallizes toge ther with I equiv. of CH, C!" the [Fc2 BMe,]-anion possesses a pproximate C" symmetry (Fig. 3) .
Intermolecul ar contacts to the Li th an Li(2)(l 2-crown-4), even though any steric strain inflicted by the small BH J moiety is certa inly negligible. This leads to the conclusion that ferrocene distortion may origin ale from th e electronic rather than the steric properties o f the strongly 
The trinuc\ear aggregate Li 2 (3)(12-crown-4), . (tric\inic, PI; 6 10 Ill/PF, (24) between the experimentally detennined and the theoretically predicted structures implies that the di stortions of the N-B-N fragment are caused by internal molecular forces, as opposed to crystal packing forces. We suggest that a hyperconjugative interaction between the filled p orbital of the ipso-carbon atom and the a* orbital of the parallel aligned B-N bond may be the reason for the elongation of this bond and provide a pathway for charge-transfer from ferrocene to the B(bipy) acceptor.
Single crystals of 10 (monoc1inic, P2 1 / c) were grown by slow evaporation of its toluene solution at room temperature. The crystal lattice contained two crystallographically independent molecules of 10, one molecule of toluene and half a molecule of ferrocene in the asymmetric unit. Both molecules of 10 possess very similar structural features. Thus, structural parameters of only one of them are given in Fig. 6 . Attempts to crystallize the B(bipy)-bridged dinuc1ear ferrocene complex using various different counterions resulted in single crystals of (11)Bf, (11)OJSCF J , and (11)PF 6 . In all three ca ses, the crystal lattices contained large amounts of solvate molecules. The structures of[II)Bf and (11)OJSCF 3 were thus seriously disordered a nd could not be refined. A crystal structure determination of /ll)PF, (monoclinie, P2 ,/c) was more successful a nd confirmed the molecular structure already derived from NMR spectroscopy (Fig. 7) . The electrochem ical properties of the dinuclea r species Li/2), 10, and [1l)PF., which have been investigated in CH 2 CI 2 solutions, are considered first (Fig. 8) . Since the BMe2 bridged Li/2) tends to decompose upon oxid ation at room temperature, it was measured at -78°C. Cyclic voltammograms of 10 and [11)PF 6 were recorded at 20 oe. Under these conditions, all three compound s display chemica lly reversible oxidation processes as evidenced by the following criteria: where it is possible to determine them, the current ratios i", /ip, are constantly equal to I, the current functions ip,/ v~ remain constant, and the peak-to-peak separations (tJ.Ep{o, tJ.E,>(I) do not depart appreciably from the value found for the internal ferrocene standard (tJ.Ep(FCHj, Table 2 ; theoretically expected value for a chemically and electrochemically reversible one-electron step: 59 mV at 293 K). It should be noted that deviations from the ideal signal shape in the ca se of (II(PF. are due to electrode adsorption ofthe electro-generated trication [11] '+. This errect is less pronounced at higher scan rates and absent in CH,CN solution. All three dinuclear complexes Li(2(, 10, and III)PF. exhibit two well-resolved Fe(II)/Fe(rlI) redox waves of relative intensity I : I (Table 2) . They are assigned to successive one-electron transitions at the two ferrocenyl moieties and point to the presence of an electronic interaction between them. For obvious reasons, the anionic cOinpound (2) (Fig. 9) .
Since the peak height of the more anodic couple is twice that of the cathodic one, the former is to be attributed to a twoelectron transition and the latter to a one-electron transition. Considering the molecular structure of [3] . 33 In CH, CI, solution, however, the -0.03 V wave is resolved into two elosely spaced one-electron waves,'s indicating that the two ferrocenyl end groups are oxidized first, followed by oxidation at the interior site. 23 ,33 For further in depth studies of electrochemical and structural models for poly(ferrocenylsilane) high polymers the reader is referred to refs. 35, 36 .
The cyclic voltammogram of (14)(PF.), is characterized by four redox transitions at EO' = +0.26 V, +0.03 V, -1 .38 V, and -2. 16 V with relative peak heights of I : 2 : 2 : 2 ( Fig. 10 ). Similar to (ll(PF., the two anodic processes are due to ferrocene oxidation, while the two cathodic processes are centred at the B(bipy) bridges. Atdirrerence with the trinuelear aggregate [3] '-where the interior ferrocenylene moiety is oxidized first , oxidation of the terminal ferrocenyl moieties precedes the electron transfer step at the central iron atom in [14) '+ .Qualitatively, . this can be explained by the fact that the central iron atom experiences twice the electronic charge of the boron substituents and this charge is of opposite sign in both molecules. At first glance we find it, however, counterintuitive that attachment of two negatively charged substituents to ferrocene leads to a huge cathodic shift of its redox potential (cf. the central ferrocenylene moiety in [3] '-gets oxidized at EO' = -1.21 V) whereas the accumulation of four positive charges in [14] 4+ value. Apart from the fact that the excess electron is spread over a larger region in the ca se of Bpz), which may to some extent reduce its electrostatic effect on the iron atom, the group electronegativity of a Bpz) moiety is supposed to be considerably higher than that of a BMe) substituent but comparable to the group electronegativity of the B(Me)bipy fragment. Given that [FcB(Me)bipy]PF 6 and TI [FcBpz) ] are oxidized at rather similar electrode potentials, it is tempting to speculate that electrostatic effects are of minor importance for an explanation of the electrochemical properties of Lh(3) and 114)(PF 6 ), and that a major contribution to the cathodic shift of the Li,13) redox potential sterns from inductive and/or hyperconjugative B(R)Me,-to-ferrocene charge transfer (R = Me, Fc). Charge-transfer between ferrocene and its boron-containing substituent(s) is also apparent in Ill)PF 6 , 114)(PF6)" [FcB(Me)bipy]PF 6 , [I , I '-fc(B(Me)bipy),](PF 6 )" and [1,1 ',3,3'-Fe(C s H)(B(Me)bipy),),](PF 6 )4' which give intensely purple-coloured solutions. In these molecules, ferrocene acts as electron donor and the B(Me)bipy substituent as the corresponding acceptor as has been found out by transient abso rption measurements using femtosecond pump-probe spectroscopy" (see also the paragraph "crystal structure determination" of this paper). However, the amount of charge transferreli is obviously too small to cause a significant anodic shift of the Fe(II)/Fe(JII) redox potential offerrocene-based 2,2'-bipyridylboronium salts.
Apart from electron delocalization effects, possible influences ofthe counterions should also be considered as becomes evident from an inspection ofthe redox behaviour ofLi,IIII) (Fig. I) . The com pound crystallizes from THF / diethyl ether in the presence of 12-crown-4 with one naked Li+ ion encapsulated in the macrocyclic framework (Fig. I) . The other Li+ ion is complexed by two molecules of crown ether. The contact ion pair {LiIIIIJ} -, which remains intact in THF solution ('Li NMR spectroscopical control), is oxidized at -0.58 V (irreversible two-electron process). As a result, the Li+ ion leaves the cage and a solvent se para ted species forms. Red uction of the empty macrocycle III back to its [111]2-state occurs in two successive one-electron steps at pronouncedly more cathodic electrode potentials (EO' = -1.02 V, -1.33 V)Y In 11l)pF 6 and 114)(PF 6 )z, the PF 6 -ion is comparatively small and thus able to approach the cationic fragment rather closely. Moreover, we are using [NBu 4 ][PF.J as th e supporting electrolyte in our CV measurements, thereby causing a 200-fold increase in [PF 6 ]-concentration, which can be expected to further promote the formation of contact ion pairs. Thus, the fact that cationic B(bipy) entities appear to have only a small impact on the Fe(I1)/Fe(JII) redox potentials may weil be due to partial charge compensation . The Li+ cations of Li12), Li,13) and Li, [ I, I '-fc(BMeJ)' ], on the other hand, are deeply embedded in ligand spheres of 12-crown-4 and THF molecules and thus kept at a large distance from the anionic part of the molecule. As a result, any effect of electrostatic forces between the boron bridges and the iron atoms is expected to be more pronounced within [2] -, [3] 2-, and [I, I '-fc(BMe) , Y-as compared to 111)PF 6 and 114)(PF 6 ),.
Experimental General considerations
All reactions and manipulations of air-sensitive compollnds were carried out in dry, oxygen-free argon lIsing standard Schlenk ware. Solvents were freshly distilled under argon from Na/benzophenone (toluene, benzene, diethyl ether, THF), Na/Pb alloy (hexane, heptane) or from CaH, (CH,CI" CHClj, CH]CN) prior to use. NMR: Bruker DPX 250, AMX 250, AMX 400. "B NMR spectra are reported relative to external BF)·Et,O. All NMR spectra were run at room temperature; abbreviations: s = singlet; d = doublet; vtr = virtual triplet; q = quartet; br = broad; m = multiplet; n.r. = multiplet expected in the 'H NMR spectrum but not resolved; n.o. = signal not observed; bipy = 2,2'-bipyridyl. FcBBr,,42 FcB(Me)Br,42 FcBMe,"2 1,1'-fc(BBr,),'3, FcSnMe.1'" FcLi"s 1,1 '-fc(Li-TMEDA),"6 and 5-fluoro-2-(2' -pyridyl)indole 47 were synthesized according to literatlIre procedures.
Preparations
Synthcsis of LiI2). tBuLi in pentane (lmL, 1.50 mmol) was added to a solution of ferrocene (0.325 g, 1.75 mmol) in THF Synthesis of 4. 5-Fluoro-2-(2'-pyridyl)indole was obtained following a literature procedure. 47 Since a complete assignment of i ts 1 Hand 13C NMR resonances has not been pu blished but is helpful for an interpretation of the NMR spectra of the corresponding B-N add ucts, the full NMR spectroscopic characterization of 5-fluoro-2-(2'-pyridyl)indole is given here [primed (') signals refer to the pyridyl fragment] : 1 H NMR Data collections for LiI2I(l2-crown-4)" LhI3) (12-crown-4) ., 6, and 10 were performed on a STOE IPDS-II two-circ1e difTractometer with graphite-monochromated Mo-Ku-radiation (). = 0.7 1073 A). The structures were solved with direct methods' H and refined against P by full-matrix least-squares calculations. 49
Absorption corrections were performed with the MULABSsO option in PLATON." All non-H atoms have been refined anisotropically, whereas the H atoms have been treated with a riding model, fixing their displacement parameter to 1.2 or 1.5 (for methyl groups) ofthe value oftheir parent atom. The asymmetric unit of Li(2)(l2-crown-4), ·CH, CI, contains two anions, two Li cations (each coordinated by two crown ether rings), and two dichloromethane molecules. The anion ofLi,(3)(12-crown-4)4 is located on a centre ofinversion. As a result ofthat, there is just half an anion and one Li cation (coordinated by two crown ether rings) in the asymmetric unit. The crystals of compound 10 were all very small and weakly difTracting. As a result, the data are weak and the R-values rather high. 10 crystallizes with two crystallographically independent but rather similar molecules in the asymmetric unit. Moreover, the crystallattice contains one molecule of toluene and half a molecule of ferrocene. The Fe atom ofthe ferroeene molecule is located on a een tre of inversion. Consequently, the Cp rings are disordered. They simulate a hexagon in which each C atom has an oecupation factor of 5/6. Distance restraints were applied to the toluene molecule. A single crystal oflll)PF 6 was measured on a SIEMENS SMART difTractometer at a temperature of about 145(2) K. Repeatedly measured reftections remained stable. An empirical absorption correction with program SADABss 2 gave a correction factor between 0.790 and 1.000. Equivalent reftections were averaged (R(l)in"",,,' = 0.066). The structure was determined by direct methods using program SHELXS.'H All hydrogen atoms were geometrieally positioned and were constrained . The unit cell contains two symmetry related solvate regions of 718 Al each. No atoms could be located in the solvate regions. The program PLATON/SQUEEZE sl was used to model the solvate density. The solvate density was estimated to conta in about 405 electrons cell-'. The non-hydrogen atoms were refined with anisotropic thermal parameters. The structure was refined on P values using program SHELXL-97: 9 The final difTerence density was between -2.1 and +3.5 e A -3 near Fe (2) . The large displaeement parameters of many atoms show the structure to be pa rtly disordered. Especially the PF 6 group is severely distorted.
CCDC reference numbers: 246197 (LiI2)(I 2-crown-4),), 246196 (Li,13)(12-crown-4). ), 246198 (6), 246199 (10), and 249276 (lll)pF 6 ).
See http://www.rsc.org/suppdata/dt/b4/b41358Id/ for crystallographic data in CIF or other electronic format.
Elcctrochcmical mcasuremcnts
Cyc1ic voltammetry was performed in deaerated acetonitrile and methylene ch loride solutions containing [NBu.][PF 6 ) (0. 1 mol 1-') as the supporting electrolyte. All potential values are reported relative to the FcH/FcH+ redox couple. The eell for voltammetric studies was designed as detailed in ref. 54 Voltammetrie scans were refereneed by addition of a small amount of ferroeene as internal standard at an appropriate time of the experiment.
Conclusion
In order to investigate the potential of four-coordinate boron atoms to mediate electronic communication between two ferrocenyl substituents, we synthesized di-and trinuc1ear complexes featuring negatively charged BMe, bridges on one hand (i.e. Li I2), Li,13)) and positively charged B(bipy) linkers on the other (i.e. 111)PF., (141(PF.),). For comparison, we also prepared the uneh arged mono-and diferroeene derivatives 6 and 10 in wh ich the boron atom is chelated by a 2-(2'-pyridyl)indolyl ligand . Li121( 12-crown-4), (monoc1inic, C21 c), Li,13J ( 12-crown-4) . (tric1inic, pi), 6 (monoc1inic, P2,I c), 10 (monoc1inie, P2,I c) , and III)PF. (monoc1inic, P2, 1 c) were structurally authentieated using X-ray crystallography.
As to be expected, electrostatic forces of attraction or repulsion between the boron bridges and the ferrocene moieties have an inftuence on the Fe(u)/Fe(lIf) redox potentials ofLiI2), Li 2 131, (l1)pF 6 , and 1141(PF 6 ),. Compared to the FcH/FcH+ standard, a huge cathodic shift is observed in the ca se of the negatively charged BMe,-bridged species whereas the 2,2'-bipyridylboronium derivatives are oxidized at more anodic electrode potentials than parent ferrocene. It is also important to note that the cyc1ic voltammograms ofLiI2), 10, and III)PF. exhibit two weil resolved one-electron redox waves rather than one two-electron transition (cf . Li (2) . Again, relative potential difTerences within the same cyc1ic voltammogram as weil as absolute shifts ofthe redox potentials with respect to the FcH/FcH+ couple are most pronounced in the BMe,-bridged aggregate. The eleetrochemical behaviour of Li,(3) and 114)(PF.), difTers in an important aspect from the redox chemistry of the triferrocenes Fc-EMe,-fc-EMe,-Fc (E = C, Si)23,2S,l\ which are uncharged isoelectronic analogues of (3)' -. In both these molecules, three reversible one-electron redox processes can be resolved under appropriate measurement conditions thereby indicating the degree of electronic interactions to be higher than in Li,13) and [141(PF.),.
The basic idea behind our aim to synthesize poly(ferrocenylenes) with negatively charged borate bridges is to stabilize the Fe(llI) state of the constituting ferrocenylene moieties electrostatically and to investigate the electronic and magnetic properties of the macromolecules after (partial) oxidation. G iven the background that the zwitterion ferricenyltris(ferrocenyl)borate V (Fig. 2) is a mixed valence species with electronically communicating iron sites, there appears to be a realistic chance to observe electric conductivity or cooperative magnetie behaviour in related polymerie materials. In the light of our studies on short-chain model systems, however, the initial target polymer (Li (11)), (Fig. I ) does no longer appear to be the best choice to reach our goal, given the fact that its di-and trinuc1ear relatives Li[21 and Li,(3) (Scheme I) are not stable upon oxidation at ambient temperature. Moreover, our simple coordination polymerization approach to (Li[II))n, which starts from I, 1'-fc(BMe,),1 I, I' -fcLi, and relies on Lewis acid-base pairing, turned out to be less selective than expected in that it produces considerable amounts of cyc1ic dimer Li,IIII) (Fig. I) .
In contrast to (Li [lID., the hypothetical B(bipy)-bridged po lymer ([VIlPF 6 ). (Fig. 11 ) is likely to possess much greater stability as can be deduced from the (electro)chemical properties of its oligomerie congeners [IIlPF 6 and [14[(PF 6 ) , (Sc he me 3). In addition, macromolecules ([VI)PF 6 ) . are attractive because they have the potential to act as photoswitchable materials that can be promoted from their diamagnetic ground state [Fe(II)/R, B(bipy)+) into a paramagnetic excited state [Fe(III)/R 1 B(bipy)o.) upon irradiation with laser light (such a behaviour was observed when the model compound [1 , 1'-fc(B(Me)bipY) l)(PF 6 )1 was investigated by transient absorption measurements using femtosecond pump-probe spectroscopy)." Unfortunately, the synthesis protocol for [ll)PF 6 and (14)(PF 6 ) , can probably not be developed further to make ([VI)PF 6 ). accessible from I, 1'-fc(SnMe), /I, 1'-fc(BBr,), and 2,2'-bipyridyl. The problem lies in the fact that 1,1'-fc(SnMel)' undergoes a unique rearrangement reaction when boron halides are added. As the result, l-stannyl-2-borylferrocenes rather than I, I '-dibory lferrocenes are obtained as the major prodUCt.)H.39 Thus, a completely different synthesis route is required and we suggest to employa novel reaction which has only recently been discovered by our group: FcBBr" 7, and two equivalents ofHSiEt) produce Fc, BBr, 9, in about 90% ' yield (Scheme 4; for details see the Experimental section of this paper). Both in terms of starting material availability and in terms of yield, this procedure is superior to the stannyl route outlined in Scheme 2. The reaction is reminiscent of the chemieal behaviour of [FcBH))Li, which, upon hydride abstraction with CISiMe), does not give the free borane but dimerizes to the BH-bridged diferrocene species Fc, BH with concomitant liberation of B, H 6 • 4 0 We have gathered considerable evidence that I, 1'-fc(BBr,)" 12, and triethylsilane give oligomers (VII)" with estimated chain lengths n ranging from 10 to 100 (Scheme 4; n was determined by GPC after (VII)" had been quenched with MeOSiMe).41 Compounds (VII)" are promising starting materials for the preparation of B(bipy)-bridged polymers ([VI)PF",)" (Fig. 11 ) Moreover, they may be reacted with organolithium reagents (e.g. PhLi, FcLi) to give more stable derivatives of the initial target compound (Li [lID. (Fig. I) . These investigations are currently under way in our laboratories together with attempts to optimize the synthesis protocol for (VII)" in order to obtain higher molecular weights and a smaller molecular weight distribution.
